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Apollo 4 Spacecraft Performance 
E v a l u a t i o n  of Apol lo  4 miss ion  data  a t  t h e  N a t i o n a l  
A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ' s  Manned S p a c e c r a f t  
C e n t e r ,  Houston c o n t i n u e s  t o  conf i rm i n i t i a l  r e p o r t s  t h a t  
S p a c e c r a f t  017 m e t  a l l  f l i g h t  o b j e c t i v e s  w i t h o u t  problems. 
De ta i l ed  sys tems a n a l y s i s  are s t i l l  i n  p r o c e s s ,  b u t  
ev idence  t o  date  i n d i c a t e s  t h a t  s p a c e c r a f t  sys tems o p e r a t e d  
p r o p e r l y  and m e t  a l l  s p e c i f i c a t i o n s  . 
L i f t o f f  w a s  a t  7:00:01.4 a.m. EST, Nov. 9. The 
s p a c e c r a f t  l anded  i n  t h e  Pac j - f i c  Ocean a t  3:37:08 porn., t h e  
same day. The l a n d i n g  w a s  approximate ly  s i x  m i l e s  from 
t h e  recove ry  s h i p ,  USS Bennington. 
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A s  planned,  t h e  f i r s t  service p r o p u l s i o n  burn was 
s t a r t e d  i n  a zero-g environment w i t h  no r e a c t i o n  c o n t r o l  
s y s t e m  u l l a g e  maneuvers. N o  adverse a f f e c t s  w e r e  no ted .  
The second SPS bu rn  w a s  13 seconds l o n g e r  t h a n  planned.  
The l o n g e r  b u r n  r e s u l t e d  from a swi t chove r  t o  ground 
control a f t e r  t h e  bu rn  was s t a r t ed  by t h e  onboard guidance  
and n a v i g a t i o n  system, 
Mission C o n t r o l  Center-Houston took  command of SPS 
on/of f  a f t e r  Carnarvon, ~ u s t r a l i a ,  t r a c k i n g  s i t e  da t a  
i n d i c a t e d  p o s s i b l e  l a c k  of onboard i g n i t i o n  c o n t r o l .  The 
exact h i s t o r y  of the b u r n  is s t i l l  b e i n g  reviewed. However, 
it has  been  de termined  there w a s  no f a i l u r e  i n  t h e  onboard 
sys tems involved  . 
Cabin p r e s s u r e  remained between 5.6 and 5.8 p s i a  
f o r  t h e  e n t i r e  mis s ion .  Th i s  i n d i c a t e s  t h a t  t h e  c a b i n  
l e a k a g e  r a t e  is negl ig ib le  and w e l l  w i t h i n  s p e c i f i c a t i o n s .  
Cabin a i r  t e m p e r a t u r e  appeared t o  remain s table  a t  60 
d e g r e e s  F d u r i n g  o r b i t ,  i n c r e a s i n g  t o  approximate ly  70 
degrees d u r i n g  r e e n t r y .  
I n s t r u m e n t a t i o n  da t a  a v a i l a b l e  a t  t h i s  t i m e  i n d i c a t e s  
s a t i s f a c t o r y  s t r u c t u r a l  performance of the  s p a c e c r a f t  and 
Lunar T e s t  A r t i c l e  1 0 R  d u r i n g  t h e  l aunch  and boost phase  
of t h e  mis s ion ,  LTR-1OR s imula t ed  a l u n a r  module. 
-more- 
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The Ea r th  Landing System f u n c t i o n e d  as p lanned .  A l l  
p a r a c h u t e s  i n f l a t e d  p r o p e r l y ,  and p a r a c h u t e  d i s c o n n e c t s  
operated on l and ing .  One of t h e  main p a r a c h u t e s  w a s  re- 
covered  and i n s p e c t i o n  shows it w a s  n o t  damaged. Recovery 
aids deployed and operated normally.  
H e a t  sh ie ld  per formance  w a s  good. Maximum char t h i c k -  
n e s s  w a s  t h r e e - q u a r t e r s  of a n  inch .  The thermal c o n t r o l  
c o a t i n g  on t h e  h a t c h  and t h e  h a t c h  sea l  was i n t a c t .  Maximum 
i n d i c a t e d  seal  t e m p e r a t u r e  w a s  less t h a n  200 degrees F. C h a r r i n g  
of t h e  c r e w  compartment heat s h i e l d  w a s  less t h a n  expec ted  
based on ach ieved  e n t r y  c o n d i t i o n s .  
During t h e  4.5-hour c o l d  soak  t o  check t h e  s p a c e c r a f t  and 
i t s  sys tems a t  extremes o f  tempera ture ,  t h e  s u r f a c e  of t h e  
h e a t  sh i e ld  away f rom t h e  Sun reached  a t e m p e r a t u r e  of approx- 
i m a t e l y  100 degrees b e l o w  z e r o  F. Temperature  on t h e  Sun s ide  
reached approx ima te ly  140 degrees above ze ro .  
En t ry  v e l o c i t y  w a s  ,0058 per c e n t  h i g h e r  t h a n  p l anned  
b e c a u s e  of t he  la rger - than-p lanned  d u r a t i o n  of t h e  second 
s P s  bu rn .  V e l o c i t y  ach ieved  was 36,545 feet  per second 
(24,913 m i l e s  p e r  h o u r ) .  Planned v e l o c i t y  w a s  3 6 , 3 3 3  feet  
per  second (24,772 mph) . T h i s  r e s u l t e d  i n  h i g h e r  t h a n  planned 
command module maximum h e a t  r a t e  -- 620 BTU P e r  s q u a r e  foot P e r  
second v e r s u s  586 p lanned .  Maximum expec ted  on l u n a r  r e t u r n  
i s  480. 
-more- 
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P r e f l i g h t  p r e d i c t i o n  f o r  t h e  command module t r i m  
l i f t - t o - d r a g  (L/D) r a t io  a t  400#000 f e e t  w a s  0.35, w i t h  
u n c e r t a i n t y  l i m i t s  of +0.06 and -0.03. P r e l i m i n a r y  c a l -  
c u l a t i o n s  from t h e  Guidance and Nav iga t ion  sys tem show an  
a v e r a g e  L/D t r i m  o f  approximate ly  0.38 about  40 seconds 
a f t e r  t h e  command module pas sed  th rough  400,000 f e e t  and 
t h e  dynamic p r e s s u r e  had b u i l t  up t o  where t h e  s p a c e c r a f t  
c o u l d  be c o n s i d e r e d  i n  a s t e a d y  s t a t e  t r i m  c o n d i t i o n .  
The 0.38 l e v e l  h e l d  u n t i l  about  20 seconds a f t e r  
t h e  f irst  peak G,  when t h e  lowest L/D, approximate ly  0.35, 
was calculated.  Both L/D v a l u e s  are w e l l  w i t h i n  expec ted  
l i m i t s .  
Maximum G on e n t r y  w a s  7-38 compared w i t h  an expec ted  
8 . 3 3  G. Peak G w a s  exper ienced  d u r i n g  t h e  i n i t i a l  e n t r y .  
On second e n t r y ,  f o l l o w i n g  " s k i p o u t ,  'I t h e  s p a c e c r a f t  p u l l e d  
4 G, compared t o  4 - 5  G expec ted .  The lower G forces resul ted 
f r o m  t h e  shallower t h a n  planned f l i g h t  p a t h  a n g l e  a t  e n t r y  
i n t o  t h e  atmosphere.  
-more- 
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F u e l  c e l l  and c r y o g e n i c  subsystems f u n c t i o n e d  normal ly  
d u r i n g  t h e  mis s ion ,  and t h e  c a p a b i l i t y  t o  purge  t h e  f u e l  ce l l s  
subsequent  t o  t h e  cold soak  was s a t i s f a c t o r i l y  demonst ra ted .  
A n a l y s i s  shows t h e  f u e l  cells produced p o t a b l e  s te r i le  water. 
Data  e v a l u a t e d  to d a t e  shows e x c e l l e n t  l oad  s h a r i n g  and 
t h e r m a l  con t ro l  c a p a b i l i t y  o f  t h e  f u e l  cel ls .  
Communications sys tem o b j e c t i v e s  were accomplished,  
Each Manned Space F l i g h t  Network s i te ,  t h e  Apollo t r a c k i n g  
s h i p  Vanguard, and a t  l eas t  t w o  of t h e  Apollo/Range I n s t r u -  
men ta t ion  Aircraf t  e s t a b l i s h e d  two-way communications w i t h  
t h e  s p a c e c r a f t  as scheduled .  
The Guidance and C o n t r o l  sys tem and t h e  M i s s i o n  C o n t r o l  
Programmer performed p r o p e r l y  throughout  t h e  mis s ion .  En t ry  
s i m u l a t i o n s  u s i n g  t r a c k i n g  d a t a  v e r i f y  t h e  gu idance  commands 
i s s u e d  b y  t h e  Guidance and Naviga t ion  sys tem,  Range-to-go a t  
d rogue  p a r a c h u t e  deployment c a l c u l a t e d  by  t h e  Guidance and 
Nav iga t ion  sys tem was 2.2 n a u t i c a l  m i l e s .  Comparisons w i t h  
t he  measured l a n d i n g  p o i n t  i n d i c a t e  better t h a n  p r e d i c t e d  
performance,  
- m o r e -  
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Opera t ion  o f  t h e  e l e c t r i c a l  power subsystem was 
normal th roughou t  t h e  miss ion .  A l l  a v a i l a b l e  in fo rma t ion  
i n d i c a t e s  t h a t  t h e  spacecraft s e q u e n t i a l  d e v i c e s  performed 
normally,  w i t h  a l l  f u n c t i o n s  o c c u r r i n g  a t  t h e  p r o p e r  t i m e s .  
Both t h e  command module and t h e  s e r v i c e  module re- 
a c t i o n  c o n t r o l  sys tems o p e r a t e d  p r o p e r l y .  
CHRONOLOGY OF MAJOR SPACECRAFT EVENTS 
F i r s t  SPS I q n i t i o n  
Time 
Geodetic L a t i t u d e ,  Degrees North 
Longi tude,  Degrees W e s t  
A l t i t u d e ,  N a u t i c a l  M i l e s  
Space-f ixed Veloc i ty ,  ft/sec. 
Space-f ixed F l i g h t - P a t h  Degrees 
Space- f ixed  Heading Angle,  Degrees 
E a s t  of North 
Planned 
03 :28:20 
1 3  :36 
21.33 
1522 
25459 
27.99 
117 -51  
F i r s t  SPS Cu to f f  
Time 
D u r a t i o n  of Burn, seconds 
Geodetic L a t i t u d e ,  Degrees North 
Longi tude,  Degrees W e s t  
A l t i t u d e ,  N a u t i c a l  M i l e s  
Space-Fixed Veloc i ty ,  f t / s e c .  
Space-Fixed F l i g h t - P a t h  Angle, 
Space-Fixed Heading Angle, Degrees 
Degrees 
E a s t  Of North 
03 : 28 :35 
15 
13.06 
20.82 
1552 
25507 
28.44 
117 -64 
A c t u a l  
03 :28 :07 
1 3  :46 
21.44 
1500 
25499 
27.81 
117.46 
03 :28 :22 
15  
13.12 
20.89 
15 32 
25543 
28.31 
117.59 
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Apoqee 
Planned 
T i m e  05 :48 :43 
Geodetic La t i tude ,  Degrees South 28.69 
Longitude, Degrees E a s t  36.39 
A l t i t u d e ,  N a u t i c a l  M i l e s  9890 
Space-Fixed Ve loc i ty ,  f t / s e c .  84 05 
Space-Fixed Fl ight -Pa th  Angle, 
Space-Fixed Heading Angle, Degrees 
Degrees 0.0 
East  of  North 100.38 
Second SPS I s n i t i o n  
T i m e  08 :14 :43 
Geodet ic  L a t i t u d e ,  Degrees North 3.67 
Longitude, Degrees East  116.92 
A l t i t u d e ,  Nau t i ca l  Miles 873 
Space-Fixed Ve loc i ty ,  f t / s e c .  28235 
Space-Fixed Fl ight -Pa th  Angle, 
Space-Fixed Heading A n g l e ,  Degrees 
Degrees -23,14 
East of North 59.87 
Second SPS C u t o f f  
T i m e  
Durat ion of B u r n ,  m i n u t e s  and 
Geodetic L a t i t u d e ,  Degrees North 
Longitude, Degrees East 
A l t i t u d e  
Space-Fixed Velocity, f t / sec .  
Space-Fixed Fl ight -Pa th  Angle, 
Spacc-Fixed Heading Angle, Degrees 
Seconds 
Degrees 
E a s t  of North 
08 : 19 : 11 
4:29 
12.64 
131.93 
375 
34816 
-17.98 
62.16 
CM/SM Separa t ion  
T i m e  08 : 2 1  :46 
Geodet ic  L a t i t u d e ,  Degrees North 18.64 
Actua l  
05 :46 :50 
28.68 
36.87 
9769 
8469 
0.0 
100.38 
08 :10 :55 
3.46 
117.50 
878 
28173 
-23.21 
59.86 
08:15 : 3 6  
4 :41 
12.86 
133.29 
359 
35120 
-17.61 
62.22 
08 : 18 : 03 
18.67 
- m o r e -  
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Longitude, Degrees East 
A l t i t u d e ,  Naut ica l  Miles 
Space-Fixed Veloc i ty ,  f t / s ec .  
Space-Fixed Fl ight -Pa th  Angle, 
Space-Fixed Heading Angle, Degrees 
Degrees 
E a s t  of North 
Entry 
Time 
Geodet ic  La t i tude ,  Degrees North 
Longitude, Degrees East 
A l t i t u d e ,  feet  
Space-Fixed Veloci ty ,  f t / s ec .  
Space-Fixed Fl ight -Pa th  Angle, 
Degrees 
Space-Fixed Heading Angle, Degrees 
East  of North 
Landinq 
L a t i t u d e  
Planned 
143 -64 
148 
35912 
-11 -25 
65 -55 
08:23:13 
21.90 
151.58 
400,000 
36333 
-7.13 
68.35 
30:OON 
Longitude 172 :24W 
Actual  
144.86 
144 
36146 
-11.01 
65.53 
08:19: 28 
21.86 
152.42 
400,000 
36545 
-6.93 
68.26 
30:06,4N 
172 :32W 
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